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© An apparatus is described for treating polluted 
water. The apparatus comprises a supply system (5) 
for polluted water; an activated-sludge reactor (1); 
one or more filter membrane modules (2); an air 
supply system (3) and a discharge system (4) for 
the treated water. The filter membrane modules (2) 
comprise hollow membranes (6) with a casing (7). 
Said filter membrane modules (2) on one side adjoin 
the activated-sludge reactor (1) and on the other 
side adjoin air distribution means (8). The activated- 
sludge reactor (1) communicates, via a bypass line 
(9), with a sludge receiving container (10) which 
adjoins the air distribution means (8). The apparatus 
functions in such a way that the water to be treated 
and air supplied are flowing in the same direction 
through the hollow membranes (6), the permeate 
flowing through the membranes towards the space 
between the casing (7) and the membranes (6), 
where it is discharged via permeate discharge sys- 
tem (4). 




Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.4) 



EP G59 694 A 



Pa g e 2 of 8 



EP 0 659 694 A1 



The present invention relates to an apparatus 
for treating polluted water, at least comprising a 
supply system for water to be treated; an activated- 
sludge reactor; one or more filter membrane mod- 
ules; an air supply system and a discharge system 
for permeate passed by the membranes of the 
modules. 

An apparatus of this type is known from the 
European Application EP-A-0 510 328. The appara- 
tus described herein comprises a treatment tank, 
the activated-sludge reactor, in which a number of 
filter membrane modules are suspended parallel to 
one another with a certain spacing. The filter mem- 
brane modules are preferably constructed in the 
form of porous flat filter plates, the outermost walls 
being formed by the membrane. The filter mem- 
brane modules are suspended in a housing which 
is open both at the top and the bottom. The water 
to be treated is filtered through the membranes by 
making use of a vacuum pump on the filtrate side 
in order for the water, which passes the mem- 
branes from the reactor and arrives in the porous 
space of the filter plates, to be drawn off as clean 
water. In order to prevent undesirable deposition 
and accretion of layers on the outside of the mem- 
branes, provision is made of an air supply system 
which blows air in the upward direction. Since said 
air supply is a very critical factor and both too low 
and too high an air supply rate result in deposition 
and accretion of layers on the outside of the mem- 
brane, provision is additionally made in the said 
application for air distribution means. The aim is to 
achieve, with the aid of said means, a uniform 
distribution of the air stream across the mem- 
branes, as a result of which deposition of solid 
particles is largely prevented. 

The abovementioned apparatus does have the 
drawback, however, that even if the said air dis- 
tribution means are used, the flow coefficient of the 
water to be treated and the air supplied is not 
readily controllable. It is generally found that the 
mass transfer coefficient between membrane plate 
and liquid is relatively low, which means rapid 
deposition and accretion of fouling layers on the 
membrane. Besides, the apparatus according to 
EP-A-0 510 328 has the drawback that the water to 
be treated has to be drawn through and from the 
filter membrane modules by means of a pump. A 
further important drawback is that the periodical 
cleaning required of the membrane plates requires 
these to be removed from the reactor, 

The object of the present invention is to avoid 
the abovementioned drawbacks, to which end the 
invention is characterized in that the one or more 
filter membrane modules, comprising one or more 
hollow membranes with a casing in which one or 
more permeate discharge systems are disposed, 
on one side adjoin the activated-sludge reactor and 



on the other side adjoin air distribution means, and 
in that the activated-sludge reactor is connected, 
by means of a bypass line, to a sludge receiving 
container which adjoins the air distribution means 

5 and on which there is a discharge line for removing 
excess mass, in such a way that the water to be 
treated and air supplied are flowing in the same 
direction and essentially parallel to the membrane 
surface through the hollow interior of the mem- 

10 branes, a portion of the water to be treated, the 
permeate, flowing through the membranes towards 
the space which is situated between the casing and 
the membranes and is discharged via the one or 
more permeate discharge systems. 

75 The activated-sludge reactor, the filter mem- 
brane modules, the air distribution means and the 
sludge receiving container therefore communicate 
with one another in the apparatus according to the 
present invention as separate elements. The ap- 

20 paratus functions in such a way that the water to 
be treated and the air supplied flow cocurrently 
through the membranes. In this case, in contrast to 
EP-A-0 510 328, the water-air mixture to be treated 
flows through the hollow interior of the membranes 

25 and is filtered by flowing through the membrane to 
the space which is bounded by the casing and the 
one or more membranes. The simultaneous in- 
troduction of air and water to be treated into the 
membranes results in a readily controllable flow 

30 coefficient which, if the supply of the water to be 
treated and the air is adjusted properly, ensures a 
high mass transfer coefficient, as a result of which 
deposition and accretion of layers on the inner wall 
of the membranes will be very low. 

35 In particular, the activated-sludge reactor; the 
one or more filter membrane modules; the air dis- 
tribution means and the sludge receiving container 
are disposed above one another in the order speci- 
fied, the activated-sludge reactor being in the top- 

40 most position. 

As a result of the abovementioned elements 
being thus positioned, a pressure differential across 
the membrane of, for example, one atmosphere is 
effected. Under the influence of the hydrostatic 

45 pressure and the operation of the air supply and 
distribution means, a flow of the water to be treated 
is then produced in the apparatus. The water to be 
treated will flow from the activated-sludge reactor 
via the bypass line to the sludge receiving con- 
so tainer, where it is pushed upwards through the filter 
membrane modules under the influence of the air 
supply and distribution means. This flow, caused 
by the supplied air, within the precisely defined 
hollow membranes results in a high mass transfer 

55 coefficient at the membrane surface. Consequently, 
a high flux through the membranes can be 
achieved. 
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The membranes in the filter membrane mod- 
ules can be constructed in a plate-like manner, as 
in the European publication mentioned previously. 
Expediently, however, the one or more filter mem- 
brane modules each comprise a casing accom- 
modating a large number of tubular membranes, 
and the casing of each filter membrane module is 
provided with a permeate discharge. 

The use of such tubular filter membrane mod- 
ules ensures that, in comparison with filter mem- 
brane modules having a different shape, the flow 
coefficient of the water to be treated with the air is 
higher and much more readily controllable and 
distributed more uniformly across the surface. 

Advantageously, the tubular membranes have 
an internal diameter of 3-25 mm and preferably an 
internal diameter of 3-10 mm. 

In an attractive embodiment, the air distribution 
means consist of a chamber-like cavity which is 
delimited by a first end face at the side of the one 
or more filter membrane modules and a second 
end face at the side of the sludge receiving con- 
tainer, there being arranged in the cavity, adjoining 
the filter membrane modules situated above, cor- 
responding filter membrane modules whose casing 
is, however, permeable to air and which open into 
the sludge receiving container. 

In such an embodiment the air distribution 
means comprise one or more membranes with 
casings which are similar to the filter membrane 
modules and which are located in a cavity at which 
the air supply is located. The casing of the mem- 
branes in this case is permeable to air, so that air 
can be supplied within the membranes. 

Advantageously, the membrane situated in the 
chamber-like cavity differs from the membrane of 
the filter membrane module situated above. 

The membrane is then in the cavity not per- 
meable to the water flowing through, but does 
admit air from the outside to the wastewater. 

In a following embodiment, the air distribution 
means consist of spray nozzles which interact with 
the one or more filter membrane modules. 

In this case, just below each filter membrane 
module a spray nozzle is placed which is con- 
nected to an air supply. The water to be treated, 
which is present there at the same height and next 
to the spray nozzle is pushed by, and thus together 
with, the air from the spray nozzle into the mem- 
branes. 

Expediently, the one or more filter membrane 
modules on one side detachably adjoin the ac- 
tivated-sludge reactor and on the other side de- 
tachably adjoin the air distribution means. 

Advantageously, the sludge receiving container 
comprises a conical bottom, on which the dis- 
charge line is situated for removing excess mass. 



As a result it is possible for part of the biomass 
which is present in the water to be treated and in 
the activated-sludge reactor and which is passed to 
the sludge receiving container via the bypass line, 

5 to settle and to be discharged via the discharge 
line, thus preventing an undue increase of biomass 
in the apparatus. Although part of the biomass is 
constantly being removed, the total amount of 
biomass which is present in the apparatus accord- 

w ing to the present invention is relatively high, com- 
pared to other known apparatus for treating pol- 
luted water. In known apparatus, generally 1-4 
grams of biomass is present per litre of water to be 
treated, whereas in the apparatus according to the 

75 present invention 20-40 g/l of biomass is present. 
This means that if the apparatus according to the 
present invention is used, 1/10 of the reactor vol- 
ume of a known apparatus is sufficient for treating 
an identical amount of polluted water. 

20 Preferably, the overall height of the apparatus 

is 3-15 m. At this height it will be possible to 
achieve in the apparatus the desired pressure dif- 
ferential across the membrane of approximately 
one atmosphere. 

25 In an advantageous embodiment, the filter 

membrane modules present in the apparatus can 
be separately connected, without moving them out 
of their position, to a cleaning circuit, which at least 
comprises a pump and a storage vessel for clean- 

30 ing fluid. 

Thus it is possible for the separate membrane 
modules present in the apparatus to be connected, 
without interrupting the purification process of the 
polluted water and without moving them out of 

35 position, to a cleaning circuit at least comprising a 
pump and a storage vessel for cleaning fluid, and 
to be cleaned, in order to be reused subsequently 
in the water purification process. 

In an advantageous embodiment, the activated- 

40 sludge reactor is divided, with the aid of a partition 
which is parallel to the axis of the activated-sludge 
reactor, into at least two parts, it being possible to 
fill the parts with liquids whose compositions mutu- 
ally differ. 

45 In such an embodiment it is possible to fill part 

of the activated-sludge reactor with cleaning fluid, 
while the other part is filled with wastewater. If the 
air supply and distribution means interacting there- 
with have been taken off-line and the underside of 

50 the filter membrane modules has been fitted with 
discharge means interacting therewith, selected fil- 
ter membrane modules which adjoin that part of 
the reactor which is filled with cleaning fluid can be 
cleaned, while in the remaining part of the appara- 

55 tus the treatment process of the polluted water 
continues. 

The present invention will be explained below 
in more detail with reference to an example and the 
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accompanying drawing, in which: 

Figure 1 shows a schematic sectional view of 
the apparatus according to the invention; 
Figure 2 shows a schematic sectional view of a 
tubular filter membrane module; 
Figure 3 shows a particular embodiment of the 
air distribution means; and 
Figure 4 shows a schematic top view of the 
apparatus according to the invention, in which a 
partition is arranged in the activated-sludge re- 
actor. 

Figure 1 shows an apparatus for the treatment 
of polluted water according to the invention. The 
apparatus comprises an activated-sludge reactor 1 
which holds water to be treated. Adjoining the 
underside of the activated-sludge reactor 1 there 
are a number of tubular filter membrane modules 2 
which comprise a number of tubular membranes 6 
with a tubular casing 7. Although this is shown in 
the figure for only one filter membrane module, a 
permeate discharge system 4 is present at each 
filter membrane module 2. At the underside; air 
distribution means 8 adjoin the filter membrane 
modules 2; the air therefor is supplied via air sup- 
ply system 3. Underneath the air distribution 
means 8 there is finally an adjoining sludge receiv- 
ing container 10 having a conical bottom, at which 
a discharge line 11 is located for discharging ex- 
cess biomass. The activated-sludge reactor com- 
municates, with the aid of bypass line 9, with the 
sludge receiving container 10. In Figure 1, a by- 
pass line has been sketched; alternatively, how- 
ever, a jacket-like bypass can be employed. The 
wastewater to be treated is supplied via supply 
system 5. 

The apparatus according to the invention func- 
tions as follows. The water to be treated is brought, 
via supply system 5, to the activated-sludge reac- 
tor 1. There it will mix with the water already 
present and the biomass and will be carried along 
with the flow through bypass line 9 and end up in 
sludge receiving container 10. Part of the biomass 
present in the water to be treated will settle into the 
conical bottom of the sludge receiving container 
10, and the remaining part of the water to be 
treated, with the biomass, will be pushed up in the 
membranes 6 together with and by the air supplied 
by the air distribution means 8. This upward thrust, 
also known as "air lift", is such that no deposition 
and accretion of layers can take place on the 
membranes 6, the thrust being so strong that the 
water to be treated, which is present in the ac- 
tivated-sludge reactor, does not run into the mem- 
branes from above. Conversely the water, as men- 
tioned previously, will be caused by the hydrostatic 
pressure and by the air lift of the air distribution 
means 8 to flow mainly from the activated-sludge 
reactor 1 via the bypass line 9 to the sludge 



receiving container 10, where it is then pushed 
upwards through the membranes 6. 

The pressure which prevails in the apparatus 
and by means of which the water together with the 

5 air is pushed into the membranes is such that the 
filtration takes place through the membranes with- 
out a pump being required for this purpose. The 
permeate which is present between the mem- 
branes 6 and the casing 7 is discharged via perme- 

10 ate discharge 4. 

Figure 2 schematically shows a top view of a 
tubular filter membrane module 2. This comprises 
a large number of tubular membranes 6 and a 
tubular casing 7. The membranes 6 are permeable 

75 to the purified water, the casing 7 is not permeable 
to water. 

Figure 3 shows a particular embodiment of the 
air distribution means 8. These in this case consist 
of a chamber-like cavity which is delimited by filter 

20 membrane modules 2 on one side, by the sludge 
receiving container 10 on the other side and by a 
casing. Within said cavity there are also disposed, 
in line with and corresponding with the filter mem- 
brane modules 2 already present, short filter mem- 

25 brane modules 2A which run as far as the sludge 
receiving container 10. The difference between 
these filter membrane modules 2A and filter mem- 
brane modules 2 outside the cavity is, however, 
that within the cavity the housing 7A is permeable 

30 to air and that the membranes 6A differ from the 
remainder of the membrane 6. This difference of 
the membrane 6A is such that the membrane dur- 
ing operation does not let any liquid through from 
the inside to the outside, while it does let air 

35 through from the outside to the inside. If air is 
supplied into the cavity under a certain pressure 
via the air supply system 3, it will penetrate 
through the housing 7A and the membranes 6A as 
far as the inside of the membranes, where the air 

40 moves upwards in a very finely dispersed state in 
well-balanced mixture with the water to be treated. 

Figure 4 finally shows a schematic top view of 
the apparatus according to the invention, in which a 
partition 12 is fitted in the activated-sludge reactor. 

45 In this embodiment it is possible to fill the two 
parts of the activated-sludge reactor with different 
liquids. If part 13 is filled with cleaning fluid and the 
air distribution means situated in line with said part 
are connected to the cleaning circuit comprising a 

50 pump and a storage vessel for cleaning fluid, the 
cleaning fluid can be circulated through the filter 
membrane modules and via the storage vessel, in 
order to clean the membranes. The remaining part 
of the apparatus can at the same time remain 

55 "operational", so that the wastewater is treated 
continuously. Once the filter membrane modules 
have been cleaned, the partition 12 can be moved, 
so that a subsequent number of filter membrane 
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modules can be cleaned, while the filter membrane 
modules already cleaned are once more brought 
on-line in the processing treatment. 

Claims 

1. Apparatus for treating polluted water, at least 
comprising a supply system (5) for polluted 
water; an activated-sludge reactor (1); one or 
more filter membrane modules (2); an air sup- 
ply system (3) and a discharge system (4) for 
the permeate passed by the membranes of the 
modules, characterized in that the one or 
more filter membrane modules (2), comprising 
one or more hollow membranes (6) with a 
casing (7) in which one or more permeate 
discharge systems (4) are disposed, on one 
side adjoin the activated-sludge reactor (1 ) and 
on the other side adjoin air distribution means 
(8), and in that the activated-sludge reactor (1) 
is connected, by means of a bypass line (9), to 
a sludge receiving container (10) which adjoins 
the air distribution means (8) and on which 
there is a discharge line (11) for removing 
excess mass, in such a way that the water to 
be treated and air supplied are flowing in the 
same direction and essentially parallel to the 
membrane surface through the hollow interior 
of the membranes (6), a portion of the water to 
be treated, the permeate, flowing through the 
membranes towards the space which is situ- 
ated between the casing (7) and the mem- 
branes (6) and is discharged via the one or 
more permeate discharge systems (4). 

2. Apparatus according to claim 1, character- 
ized in that the activated-sludge reactor (1); 
the one or more filter membrane modules (2); 
the air distribution means (8) and the sludge 
receiving container (10) are disposed above 
one another in the order specified, the ac- 
tivated-sludge reactor (1) being in the topmost 
position. 

3. Apparatus according to claim 1 or 2, char- 
acterized in that the one or more filter mem- 
brane modules (2) each comprise a casing (7) 
accommodating a large number of tubular 
membranes (6), and the casing (7) of each 
filter membrane module (2) is provided with a 
permeate discharge (4). 

4. Apparatus according to claim 3, character- 
ized in that the tubular membranes (6) have 
an internal diameter of 3-25 mm. 

5. Apparatus according to claim 3 or 4, char- 
acterized In that the tubular membranes (6) 



have an internal diameter of 3-10 mm. 

6. Apparatus according to any one of the preced- 
ing claims, characterized in that the air dis- 

5 tribution means (8) consist of a chamber-like 

cavity which is delimited by a first end face at 
the side of the one or more filter membrane 
modules (2) and a second end face at the side 
of the sludge receiving container (10), there 

w being arranged in the cavity, adjoining the filter 

membrane modules (2) situated above, cor- 
responding filter membrane modules (2A) 
whose casing is permeable to air and which 
open into the sludge receiving container (10). 

15 

7. Apparatus according to claim 6, character- 
ized In that the membrane (6A) situated in the 
chamber-like cavity differs from the membrane 
(6) of the filter membrane module (2) situated 

20 above. 

8. Apparatus according to claims 1-5, character- 
ized In that the air distribution means (8) 
consist of spray nozzles which interact with the 

25 one or more filter membrane modules (2). 

9. Apparatus according to any one of the preced- 
ing claims, characterized in that the one or 
more filter membrane modules (2) on one side 

30 detachably adjoin the activated-sludge reactor 
(1) and on the other side detachably adjoin ,the 
air distribution means (8). 

10. Apparatus according to any one of the preced- 
35 ing claims, characterized In that the sludge 

receiving container (10) comprises a conical 
bottom, on which the discharge line (11) is 
situated for removing excess mass. 

40 11. Apparatus according to claims 1-10, charac- 
terized in that the overall height of the ap- 
paratus is 3-15 m. 

12. Apparatus according to any one of the preced- 
45 ing claims, characterized in that the filter 

membrane modules present in the apparatus 
can be separately connected, without moving 
them out of their position, to a cleaning circuit 
which at least comprises a pump and a stor- 
50 age vessel for cleaning fluid. 

13. Apparatus according to any one of the preced- 
ing claims, characterized in that the acti- 
vated-sludge reactor (1) is divided, with the aid 

55 of a partition (12) which is parallel to the axis 

of the activated-sludge reactor, into at least 
two parts, it being possible to fill the parts with 
liquids whose compositions mutually differ. 
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